Interleukin-1b is one of the main mediators in the cross-talk between the immune system and the central nervous system. Higher interleukin-1b levels are found in mood spectrum disorders, and the stressinduced expression rate of the interleukin-1b gene (IL1B) is altered by polymorphisms in the region.
a b s t r a c t
Interleukin-1b is one of the main mediators in the cross-talk between the immune system and the central nervous system. Higher interleukin-1b levels are found in mood spectrum disorders, and the stressinduced expression rate of the interleukin-1b gene (IL1B) is altered by polymorphisms in the region.
Therefore we examined the effects of rs16944 and rs1143643 single nucleotide polymorphisms (SNPs) within the IL1B gene on depressive and anxiety symptoms, as measured by the Brief Symptom Inventory, in a Hungarian population sample of 1053 persons. Distal and proximal environmental stress factors were also included in our analysis, namely childhood adversity and recent negative life-events.
We found that rs16944 minor (A) allele specifically interacted with childhood adversity increasing depressive and anxiety symptoms, while rs1143643's minor (A) allele showed protective effect against depressive symptoms after recent life stress. The genetic main effects of the two SNPs were not significant in the main analysis, but the interaction effects remained significant after correction for multiple testing. In addition, the effect of rs16944 A allele was reversed in a subsample with low-exposure to life stress, suggesting a protective effect against depressive symptoms, in the post hoc analysis.
In summary, both of the two IL1B SNPs showed specific environmental stressor-dependent effects on mood disorder symptoms. We also demonstrated that the presence of exposure to childhood adversity changed the direction of the rs16944 effect on depression phenotype. Therefore our results suggest that it is advisable to include environmental factors in genetic association studies when examining the effect of the IL1B gene. Ó 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Depression has a consistent heritability rate (39%), which suggests a genetic predisposition to the disorder (Kendler and Prescott, 1999) , but biomarker regions of specific genes for depression have begun to emerge only recently (Cohen-Woods et al., 2013; Converge-consortium, 2015) . Mood disorders are highly complex clinical conditions with growing number of subcategories defined by the new DSM-V, and giving an opportunity for clinicians to refine the existing concepts about mental disorders, e.g. by including specifiers like ''with anxious distress" to better distinguish between various conditions (AmericanPsychiatricAssocia tion, 2013) . Also in genetic association studies continuous symptom scores are commonly used to assess mood disorder phenotypes in order to express more precisely the subjects state of mind, based on the observation that common psychiatric disorders, such as depression, are quantitative traits showing continuous distribution in the population (Plomin et al., 2009 ). The importance of using continuous variables was also highlighted by studies, which demonstrated that different subscales of tools assessing the state of mood disorder showed different associations with genetic variants, suggesting that reducing depression and anxiety state to a simple logistic variable might obscure the identification of genetic effects (Juhasz et al., 2015) . Regarding the pathophysiology of depression, besides the wellknown involvement of the monoaminergic pathways, the activation of inflammatory response has been described in the background of depression (Dantzer et al., 2011) and other psychiatric conditions (Michel et al., 2012) . Elevated levels of proinflammatory cytokines, such as IL-1b in depressed individuals, have been confirmed by meta-analyses (Dowlati et al., 2010; Howren et al., 2009) . The secretion of the IL-1b protein was reported to be dependent on a functional single nucleotide polymorphism (SNP) rs16944 (NM_0000576.2:c.-598T>C) in the promoter region of IL1B (Hall et al., 2004) . The presence of the minor allele (A), which facilitates IL-1b production, was associated with elevated risk of depression in schizophrenic spectrum disorders (Rosa et al., 2004) , depressive symptoms in Alzheimer disease (McCulley et al., 2004) and depressed state in breast cancer patients (Kim et al., 2013) . However, other studies have shown contradictory results, in that the A allele was protective against recurrent major depression (Borkowska et al., 2011) , or predicted favourable antidepressant treatment outcome (Baune et al., 2010; Yu et al., 2003) . In addition, the intronic SNP rs1143643 (NM_000576.2:c.598-152G>A), which is not in linkage equilibrium with rs16944, was also reported to influence antidepressant treatment outcome and subgenual anterior cingulated cortex (ACC) activity in the same article (Baune et al., 2010) . Despite these promising findings, no further studies have investigated the effect of the IL1B gene on mood disorder phenotypes.
Experiments with laboratory animals showed no significant effect of the IL-1 family on early brain development, however robust effects were described when various type of stressors were present (Alheim and Bartfai, 1998; Giles et al., 2014) . Significant changes were detected in IL-1b expression, for example in response to chronic pain (del Rey et al., 2012) , unpredictable chronic stress , repeated social defeat (Wohleb et al., 2014) , and chronic intermittent cold stress followed by acute immunological challenge (Girotti et al., 2011) . Knocking out necessary elements of the IL-1b signalling process resulted in attenuated stress response in IL-1RI (Wohleb et al., 2014) , IL-1 receptor accessory protein (IL-1RAcP) (Laye et al., 2001) , and IL-1b converting enzyme (ICE) (Lawson et al., 2013) gene knock-out models.
Exposure to stress seems to be a crucial mediator in human subjects also. All three studies mentioned above, which identified the minor A allele of rs16944 as a risk factor in depression, were carried out in patients with other severe medical conditions (Kim et al., 2013; McCulley et al., 2004; Rosa et al., 2004) . By contrast, in studies finding that the A allele was associated with protective functions, or better treatment outcome, subjects with other mental or physical illness were excluded. (Baune et al., 2010; Borkowska et al., 2011; Yu et al., 2003) . While IL-1b has a prominent role in the comorbidity of depression and physical conditions (Anisman and Hayley, 2012) , such as post-stroke state (Pascoe et al., 2011) , a recent article also reported elevated IL-1b levels in subjects exposed to psychosocial stress, particularly childhood maltreatment (Hartwell et al., 2013) . The effect of different types of stress and life events, such as the influence of distal and proximal life stresses on the association of IL1B polymorphisms and depressive symptoms is yet poorly understood, despite the fact that on many occasions gene Â environment interactions showed greater influence on mood disorder phenotypes than genetic factors alone (Juhasz et al., 2015) . Moreover a recent review suggested that, considering the many aspects of cytokines' effect on the brain, a broader spectrum of neuropsychiatric conditions might be affected including neurodegenerative or personality disorders and anxiety (Capuron and Miller, 2011) . Anxiety and depression has a wellestablished common genetic diathesis, however it is important to consider also the differences between them from genetic point of view, and include both anxiety and depression phenotype in genetic association analyses which consider novel polymorphisms or interactions (Pollack, 2005; Scott et al., 2007) .
Based on the summarised research results, we hypothesised that the effects of both rs16944 and rs1143643 polymorphisms on mood related symptoms are dependent on the presence of life stressors. To test this hypothesis we analysed gene Â environment interactions, taking into account both proximal (recent negative life events) and distal life stress (childhood adversity), and compared the interaction effects on depressive and anxiety symptoms.
Materials and methods

Population
Phenotypic and genetic data were gathered from volunteers in Budapest, Hungary during the NewMood study (New Molecules in Mood Disorders, Sixth Framework Program of the European Union LHSM- CT-2004-503474) . Volunteers, aged between 18 and 60 years, were recruited through advertisement in universities and at general practices. Participants provided genetic sample and completed a questionnaire pack. The subjects' ethnicity, socio-economic background, medical and psychiatric anamnesis was assed using a background questionnaire developed and validated for that study (Juhasz et al., 2009 (Juhasz et al., , 2011 Lazary et al., 2008) . Reported medical or psychiatric conditions were not exclusion criteria, since we aimed to investigate a general population sample. However, in order to avoid stratification bias, our analysis was performed on non-related individuals with European white ethnic origin. All participants gave written informed consent before they entered the study. Our study was approved by the local ethic committees and was carried out in accordance with the declaration of Helsinki.
Phenotypes
In our analysis, two phenotypic outcome variables and two types of environmental stress factors were used. The current depressive and anxiety state was assessed by the Brief Symptom Inventory (Derogatis and Melisaratos, 1983) depression and anxiety subscales, with the four additional items included for depression. Continuous weighted dimension scores were calculated and used in the analysis.
For interacting factors, we selected confirmed environmental stressors, namely early life stress and recent negative life stress. Early life stress was measured by the childhood adversity score (CHA), which was derived from the Childhood Trauma Questionnaire (CTQ) measuring emotional and physical abuse and neglect during childhood (Bernstein et al., 1994 ). An additional question asked about parental loss during childhood, and added to the total score. To define recent stressful life events, we used the List of Life Threatening Experiences questionnaire (Brugha et al., 1985) , and calculated the sum of these events in the past year (Recent negative Life Events, RLE). In both cases, the sum of item scores was used in the analysis.
Genotypes
Buccal mucosa cells were collected from the participants with cytology brushes, and DNA samples were extracted according to a published validated method (Freeman et al., 2003) . NanoDrop B-100 spectrophotometer was used to determine quality and quantity of DNA. Two SNPs were genotyped in the IL1B gene, namely rs16944 and rs1143643 in the Centre for Integrated Genomic Medical Research at The University of Manchester using Sequenom Ò Mas- (Fig. 1 ): rs16944 is located in the functional promoter region and rs1143643 in the intronic region near to the 3 0 end.
Statistical analysis
Power calculations with Quanto program (http://biostats.usc. edu/Quanto.html) were performed before testing, assuming additive heritability and R 2 = 1% explained variance. Our analysis has 86% power in the case of SNP rs16944 and 82% in the case of SNP rs1143643 to find main genetic effects. With continuous interacting environmental effects represented by CHA and RLE in Table 1 , we have 86% power to detect gene-environment interaction in the case of SNP rs16944 and 83% in the case of SNP rs1143643.
PLINK 1.0.7 (http://pngu.mgh.harvard.edu/purcell/plink) was used to determine Hardy-Weinberg equilibrium and linkage disequilibrium, and to test additive, dominant and recessive models in linear regression analysis. Genetic main effects and geneenvironment interactions were tested in separate models. Other statistical calculations were carried out with IBM SPSS 20.0 for Windows. Both age and gender of the subjects were used as covariates in all analyses. The nominal significance level was set at p = 0.05. Bias due to multiple-testing was corrected with the Bonferroni method reducing the significance-threshold to p = 0.05/36 = 0.001389 (2 SNP-s, 2 phenotypes, 3 heritability models, 3 types of testing), final threshold a = 1.389 Â 10
À3
. In addition, a Bayesian network based multivariate modelling method, called Bayesian relevance analysis (Antal et al., 2008) , was carried out in order to further investigate gene-environment interactions. This method is based on a Bayesian statistical framework (Stephens and Balding, 2009) which relies on Bayesian model averaging (Hoeting et al., 1999; Madigan et al., 1996) and thus provides a consistent handling of the multiple hypothesis problem . Bayesian relevance analysis computes probability scores which quantify the strong relevance of predictors with respect to a selected target (Hullam and Antal, 2013; Hullam et al., 2012) . For the analysis, discrete phenotypes and environmental factors were used as follows: current depressive and anxiety symptom scores were divided into categorical variables (low = 0-<1, moderate = 1-<2, severe = 2-4), RLE and CHA scores were grouped into three categories (RLE: low = 0-1, medium = 2, high = 3 or more; and CHA: low = 0-3, medium = 4-6, high = 7 or more) based on our previous studies (Lazary et al., 2008) .
Results
General information and main effects of the polymorphisms
The total number of participants was 1093, but excluding nonCaucasian subjects and blood relatives, our analysis was restricted to 1053 subjects. Due to missing or low quality DNA, genetic samples of 999 subjects were genotyped. Genotyping success rate was 98.2% for rs16944, and 88.6% for rs1143643. Due to missing phenotypic data, the actual analysis was performed on 907 and 832 subjects, for rs16944 and rs1143643 respectively. Description of the study population can be seen in Table 1 We could not identify significant stress-independent main effects of the two SNPs on the measured phenotypes (Table 2) , not even with nominal significance threshold. However, both of the mood disorder phenotypes were affected by the interaction of our SNPs with CHA and RLE as shown in Table 2 .
Interactions of rs16944 with Childhood Adversity and Recent Life Events
Depressive symptoms
The A allele carriers scored significantly higher on BSI depression scale if they were exposed to CHA ( Fig. 2A) . This interaction was present in all three inheritance models, and remained significant according to the Bonferroni corrected threshold except in the recessive model. In contrast, higher RLE influenced BSI depression score at nominal significance level in A allele carriers only if additive inheritance was assumed. However this interaction did not meet the criterion of Bonferroni corrected significance threshold (Table 2) .
Anxiety symptoms
Anxiety symptom score was elevated by the A allele-CHA interaction similarly to depressive symptoms (Fig. 2B) . The significance of this interaction met the Bonferroni corrected threshold in all three inheritance models. However the interaction with RLE was only significant at nominal levels in the additive and dominant models, but none of them survived Bonferroni correction for multiple testing (Table 2) .
The effect of the CHA-rs16944 A allele were stronger on anxiety, compared to depressive symptoms, in all inheritance models.
Interactions of rs1143643 with
Childhood Adversity and Recent Life Events 3.3.1
. Depressive symptoms
The interaction of SNP rs1143643 and CHA did not influence depression scores significantly, even at nominal levels. However the protective effect of the A allele in interaction with RLE showed high significance in the dominant heritability model, which met the Bonferroni corrected threshold; nominal significance was also detected using additive model (Fig. 3) .
Anxiety symptoms
The A allele interaction with CHA was protective against anxiety symptoms in both additive and dominant heritability models with nominal significance, but did not survive Bonferroni correction. RLE interactions had no effect on anxiety symptoms at any significance level (Table 2) .
In order to test whether the effect of these SNPs can be reversed by the exposure to life stress, we carried out post hoc genetic main effect association analysis on depressive and anxiety symptom scores, in the subgroups of our population sample who had the lowest scores on RLE and CHA respectively.
Post-hoc tests of the effects of SNPs in those with low Childhood Adversity scores
As represented above, for the main tests we had 907 and 832 subjects with sufficient data to carry out the analysis for rs16944 and rs1143643 respectively. Genetic association analysis with PLINK program for main effects of the SNPs on BSI depression and anxiety phenotype was carried out on the restricted sample of 645 and 594 subjects who scored low (0-3) on CHA using the same methods as in the main testing. Assuming recessive heritability, the rs16944 A allele had nominally significant protective effect against depressive symptoms but no other associations were identified between the two SNPs and the measured mood disorder phenotypes (Table 3) .
3.5. Post-hoc tests of the effects of polymorphisms in those with low Recent Life Event scores A total of 639 subjects (for rs16944) and 586 subjects (for rs1143643) were eligible for post hoc testing, after restricting the population samples to those subjects who reported one or less negative life events in the past year. Linear regression analysis between the two SNPs and the two outcome variables, (namely BSI depressive and anxiety symptom scores) found one significant association in subjects with the lowest scores. SNP rs16944 A allele showed protective function against depressive symptoms in the recessive heritability model (Table 3) . Homozygote and heterozygote A allele carriers of the SNP rs16944 showed increased depressive and anxiety symptom scores measured by the Brief Symptom Inventory (BSI) depending on the exposure of Childhood Adversity (CHA). In the case of depressive symptoms, the AA genotype was protective in those who had low (0-3) CHA scores which suggest a qualitative interaction. The vertical axis represents the weighted dimension score of BSI depressive and anxiety symptom scores respectively, from the different groups of subjects, sorted by the exposure to CHA, which was measured by the shortened version of Childhood Trauma Questionnaire (Juhasz et al., 2011) . The solid, dotted and dashed lines indicate the carriers of various genotypes of SNP rs16944. In summary, post hoc analysis found that rs16944 AA genotype has weak protective effect in both CHA and RLE low scoring subjects against depressive symptoms but not against anxiety symptoms. Rs1143643 showed no effect on mood disorder phenotypes regardless of which life stress factor was excluded.
SNP Â SNP interaction and haplotype analysis
During the post hoc testing, we performed SNP Â SNP interaction testing. However, we could not identify any significant effects on depressive (p = 0.684) or anxiety (p = 0.722) symptom scores. These results further emphasised that the effect of SNPs within the IL1B gene are dependent on the impact of life stress.
Indeed, haplotype association analysis to test the effects of all possible haplotypes interacting with life events, demonstrated a highly significant haplotype interaction of the GA haplotype (rs1143643 and rs16944 respectively) with CHA, conferring risk for higher depressive (p = 1.65 Â 10
À6
) and anxiety (p = 2.51 Â 1 0 À7 ) symptom scores. Three additional significant haplotype interactions were also found with CHA. However, no association was found of haplotypic main effects or interactions with RLE. Table 4 3.7. Replication of the main significant results after random splitting the population sample
We also re-ran the analysis on two randomly generated subgroups of our population sample, in order to replicate our main findings which survived Bonferroni correction. The power for finding gene-environment interactions with both CHA and RLE reduced from 86% to 58% for rs16944, and from 83% to 58% for rs1143643, as determined by the Quanto program using the same setting as However, in both groups the direction of effect was protective, similar to the main analysis. This suggests that the lack of sufficient significance levels in the first sub-group might be the result of the reduced statistical power.
Bayesian relevance analysis of IL1B SNPs in various Childhood Adversity and Recent Life Events exposure groups
Bayesian relevance analysis was carried out in each of the CHA and RLE exposure groups separately. Results indicated that Table 3 The effects of SNPs rs16944 and rs1143643 on depressive and anxiety symptom scores in the low-scored groups to Childhood Adversity (CHA) and Recent negative Life Events (RLE).
Low-scored groups to childhood adversity (CHA) Depressive and anxiety symptom scores were measured by Brief Symptom Inventory. SEM -Standard error of mean; ADD, DOM, REC -additive, dominant and recessive heritability models. Fig. 3 . The effect of interactions between SNP rs1143643 and Recent negative Life Events, on Depressive symptom score. Among those people who had self-reported negative life events in the previous year, rs1143643 minor A allele carriers had lower depressive symptom scores than non-carriers, representing a protective effect. The figure demonstrates the significant dominant heritability model; GG represents GG genotype carriers of the rs1143643 polymorphism, while the homozygote and heterozygote A allele carriers were collapsed into one group and called AA_AG. The vertical axis represents the achieved weighted dimension score of the Brief Symptom Inventory's depressive symptoms. On the horizontal axis, the Recent negative Life Events (RLE) score is shown, measured by the Threatening Life Events questionnaire (Brugha et al., 1985) , summarising the stressful events that had happened in the previous year.
rs16944 was only relevant with respect to depressive symptoms in the highest scoring CHA group with a moderately high posterior probability (0.48), whereas in the low (0.03) and medium (0.07) scoring groups it was non-relevant (Table 5 ). In the case of anxiety symptoms, a similar phenomenon could be observed; SNP rs16944 had a moderately high posterior probability for strong relevance in the highest scoring CHA group (0.50), contrary to the low posterior probability of medium (0.10) and low (0.01) scoring groups. Furthermore, rs1143643 had a similar trend with respect to depressive symptoms with the posterior probability of strong relevance given the highest scoring RLE group was considerably greater (0.85) than the low (0.04) and medium (0.12) groups. In contrast, rs1143643 was non-relevant with respect to anxiety symptoms for all RLE groups. In summary, the relevance of the polymorphisms for both symptom scores was consequently higher in the more exposed groups compared to the less exposed ones.
Discussion
Our study demonstrated that two polymorphisms of the IL1B gene interacted in different ways with Childhood Adversity (CHA) and Recent negative Life Events (RLE) affecting depressive and anxiety symptoms. Rs16944, which is a functional SNP in the promoter region, showed multiple-testing corrected significant interactions with CHA, with the A allele increasing both depressive and anxiety symptom scores, with stronger effect on anxiety, while RLE interactions could not met the Bonferroni corrected threshold. The rs16944-CHA interaction was also replicated when we randomly split our cohort into two sub-groups, in the additive and dominant heritability models. In contrast to this effect rs1143643, which is an intronic SNP at the 3 0 end of the gene, showed interaction with RLE with the minor A allele exerting protective effect against depressive but not against anxiety symptoms at a Bonferroni corrected significance level. However, this RLE interaction of rs1143643 was only partially replicated in the randomly split sub-groups. The results of Bayesian relevance analysis also confirmed the interaction between rs16944 and CHA with respect to both depression and anxiety, and also the interaction between rs1143643 and RLE with respect to depression. In addition, Bayesian relevance analysis and the negative SNP Â SNP interaction results reinforced the view that the inclusion of environmental factors is crucial for association analyses related to depression phenotypes. Haplotype association analysis, to investigate the effect of the whole IL1B gene, demonstrated a highly significant interaction between the GA haplotype and CHA, which elevated both depressive and anxiety symptom scores, and also survived the correction for multiple testing. Regarding haplotype interaction with RLE, only weak trends were observable. These data suggest a strong, long-lasting effect of CHA on the function of the IL1B gene, while a much weaker moderating effect of RLE could not be ruled out and warrants further investigations.
Rs16944
Our results implicate a bidirectional relationship between life stress and rs16944 polymorphism. A synergic relationship between high stress exposure and the minor A allele (causing vulnerability to more severe depressive and anxiety symptoms) has been identified, while in the low-exposed groups a weak protective function of the A allele was found.
Our results are in line with previous studies that found higher risk of depression in carriers of the higher synthesizing A allele, in schizophrenic (Rosa et al., 2004 ), Alzheimer (McCulley et al., 2004 and breast cancer patients (Kim et al., 2013) . We suggest that the apparent contradiction between our results and earlier studies that found the A allele protective against recurrent major depression (Borkowska et al., 2011) or non-remission in antidepressant therapy (Baune et al., 2010; Yu et al., 2003) , was due to the different stress exposure of the examined subject groups, since our post hoc analysis on both of the low-exposed subgroups (CHA or RLE) showed the protective effect described by the three studies above.
Previous studies have demonstrated that risk genes of depression are frequently associated with advantageous immunological and behavioural responses to infection (Raison and Miller, 2013) . Thus the protective effect of the A allele in the non-stressed subjects may be explained by better pathogen host defence and thus better quality of life, while the excessive up-regulation of IL-1b production during life stress may interfere with normal brain function and thus create maladaptive behaviour (Dowlati et al., 2010) .
The observed interaction in our study was stronger with CHA than RLE suggesting that rs16944 is likely to exert its effect in early brain development, resulting in vulnerability to depression throughout life (Borsini et al., 2015; Semple et al., 2013) . Moreover we demonstrated that both anxiety and depression phenotypes were affected by the life-stress interaction of rs16944, but the protective effect in the low-exposed groups was found in depression phenotypes only, suggesting different roles of cytokines in the development of depression and anxiety (Roy-Byrne et al., 2008) .
Rs1143643
Rs1143643 showed Bonferroni corrected significant interaction with RLE, but only nominally significant interactions with CHAopposite to the findings for rs16944. In addition, the RLE interaction only influenced depressive symptoms (not anxiety symptoms) providing further support that different underlying mechanisms might occur in depression compared with anxiety (Pollack, 2005) . In line with our results, Baune et al. found that the minor A allele of the SNP has been associated with better outcome during antidepressant therapy, namely it protected against non-remission (Baune et al., 2010) . According to the National Institute of Environmental Health Sciences (http://snpinfo.niehs.nih.gov/snpinfo/ snpfunc.htm), this intronic SNP has no evident functional activity, although HAPMAP states that it is 869 bp from, and in linkage with, rs1071676 which has been associated with different allelic expression of the IL1B gene (Serre et al., 2008) . As rs1143643 is near to the 3 0 end of the IL1B gene, it may also affect the stability of the transcripted mRNA which is one of the main mechanisms in adaptation to stress (Guhaniyogi and Brewer, 2001) . The stronger interaction with RLE compared to CHA suggests that this SNP, or the 3 0 end genetic region in linkage with it, has a role in the adaptation to recent stressors (Dhabhar, 2014) . However the results of haplotype analysis suggest that -at gene level -the effect of CHA could be more important, and the potential moderating effect of RLE on the IL1B gene function has a smaller effect size which was not sufficiently robust in our study due to limited power.
Effects of IL-1b in the central nervous system
IL-1b has been proposed to possess a central role in the crosstalk between the immune system and the central nervous system (Baganz and Blakely, 2013) . IL-1b modulates tryptophan metabolism by enhancing the activity of the indolamine-2.3-dyoxigenase (IDO) enzyme, and thus indirectly causes lower tryptophan availability for serotonin production; IDO also activates the kynurenine pathway which produces potentially neurotoxic metabolites (Dantzer et al., 2011) . IL-1b has a regulatory role in HPA axis activity, thus contributing to depression-induced cortisol-resistance (Maes et al., 1993) . Consistently, higher IL-1b activity in the brain can also influence neural plasticity through microglial activation (Miller et al., 2009) , while kynurenine and the HPA axis also greatly influence neural plasticity promoting depression-specific changes in the neural network (Rothwell and Luheshi, 2000) . Moreover, proinflammatory cytokines, such as IL-1b, have been suggested to play an important role in the internalization of socialenvironmental stress (including childhood trauma and life stress in adulthood) (Slavich and Irwin, 2014) .
Strength and limitations
Our study is the first that systematically investigated different parts of the IL1B gene in interaction with early and recent life stressors on mood disorder related symptoms; for example, this is the first time that the anxiogenic effect of rs16944's life stress interactions has been demonstrated. Also the main results were confirmed by two entirely different statistical methods -linear regression analysis and Bayesian relevance analysis. However, our study has some limitations. First, our analysis was limited to only two polymorphisms based on previous articles (Baune et al., 2010; Borkowska et al., 2011; Yu et al., 2003) . Second, our population sample was relatively small and consists mostly of female subjects. Third, we used childhood adversity and recent negative life events as known environmental risk factors but other aspects of interactions such as comorbid diseases or social support were not included in our analysis. Fourth, the risk factors and phenotypes were self-reported by questionnaires, which might bias our variables. Fifth, after the random splitting of our population sample we could not replicate some of our findings in the two pseudoindependent subgroups, possibly because of the reduced statistical power. And finally, some of our results did not survive correction for multiple testing, so further replication studies are required to confirm these findings.
Conclusions
Our study is the first to provide evidence for the interaction of rs16944 and rs1143643 polymorphisms of the IL1B gene with different environmental stress factors. Therefore we suggest that further investigations of the IL1B gene should also include, in the analysis, various stress factors (e.g. comorbid disorders, socioeconomic disadvantages, or psychosocial stresses) in order to obtain a consistent effect of the polymorphisms on mood disorder phenotypes. Also organizing the polymorphisms effect by environmental vulnerability can provide us with a better understanding of the role of the IL1B gene in pathomechanisms of mood spectrum disorders. Furthermore, analyses carried out in the most exposed groups show much stronger genetic effects as described earlier with other genetic variants also (Juhasz et al., 2015 (Juhasz et al., , 2014 . 
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